The purpose of this study was to investigate the effects of a 500 Hz and 3,150 Hz one-third octave band augmentation on the speech discrimination ability of listeners with cochlear hearing impairments.
The present investigation revealed the 500 Hz one-third octave band augmented word lists produced marked rollover in speech discrimination ability and a large standard deviation in subjects with cochlear hearing losses. On the other hand, the 3,150 Hz one-third octave band augmented speech test did not produce significant rollover in the subjects tested. The standard deviation observed in this condition was small, suggesting consistent performance among the subjects. Furthermore, there was no significant difference between the performance of the subjects in the present experimental group and the subjects in the control group on this task. My gratitude goes to Dr. Al Hicks for his input in the study.
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Bowen for supplying me with the data collected from her thesis, which formed the foundation for mine. Her suggestions were invaluable for the completion of this project. In general, speech discrimination ability decreases progressively as the extent of the high frequency loss increases beyond 2,000 Hz (Liden, 1967; Bess and Townsend, 1977) . In contrast, individuals with flat audiometric configurations generally experience little difficulty with word discrimination, scoring 80% or better on monosyllabic word tests (Liden, 1967) until the hearing loss exceeds 50 dB. Beyond the 50 dB, a marked decrease in intelligibility has been observed (Thompson and Hoel, 1962) .
A commonly accepted explanation for poor speech discrimination in cases of sensorineural hearing loss is that the audibility of many high frequency consonant sounds, which play an important role in distinguishing one word from another, is decreased or eliminated by the hearing loss (Bess and Townsend, 1977) . Speech sounds differ in their build-up and decay characteristics, in duration, in total intensity and in the distribution of intensity with frequency (French and Steinberg, 19h7 ).
The energy of vowel sounds is carried mainly by the harmonics of the fundamental frequency of the speaker's voice and tends to be concentrated in one or more frequency regions. The consonant sounds contain components of higher frequency and lower intensity than the vowels. Moreover, the intensity tends to be scattered over the frequency region characteristics of each sound (French and Steinberg, 1947) . The importance of the different regions of intensity and frequency to the intelligibility of speech has been investigated extensively (French and Steinberg, 1947; Pollack, 1948; Hirsh, Reynolds and Joseph, 1954; Chari, Herman and Danhauer, 1977) .
Several studies have examined the correlation between s~eech discrimination scores and audiometric configuration (Sher and Owens, 1974; Bilger and Wang, 1976; Jerger and Hayes, 1977) . The highest correlation has emerged for 2.000 and 3,000 Hz (Sher and Owens, 1974) ; therefore, these two frequencies appear to be more important for speech discrimination than other frequencies. Chari, Herman and Danhauer (1977) concluded from their study, which ~resented filtered speech through onethird octave bands, that intelligibility was highest for the bands centered at 2,000 Hz and relatively higher for the bands centered above than below 2,000 Hz. Th.P,Se results are predictable since the important resonant regions for sibilant consonants occur above 2,000 Hz. For example, for IS!, the range is 2,000 to 4,000 Hz; /s/, 3,500 Hz and above; and /f/, between 6,800 and 8,400 Hz (Hughes and Halle, 1956 ). Lacroix and Harris (1979) also demonstrated the critical contribution of 2,000 Hz on intelligibility. They compared the effect of distortion by acceleration, interruption and noise masking on intelligibility in subjects with sensorineural losses beginning at 2,000, 3,000 and 4,000 Hz.
The performance of subjects with hearing losses at 2,000 Hz was significantly poorer than normal hearing subjects and as the loss moved out from 3,000 to 4,000 Hz, performance more closely approximated the normal hearing control group.
Therefore, research has demonstrated high frequency sensorineural hearing loss can degrade speech intelligibility. The detrimental effects of sensory hearing loss on speech are also explained by the psychophysical functioning of the cochlear partition.
Psychophysical Manifestations of Cochlear Impairment
Poor speech perception by persons sustaining cochlear impairment results from reduced frequency analysis and loudness distortion (Evans, 1978; Scharf, 1978) . The audiometric and psychophysical characteristics of cochlear pathology are recruitment of loudness and deterioration in speech discrimination as a consequence of widened critical bandwidths and increase in upward spread of masking.
Recruitment
Loudness recruitment is consistently associated with disorders that affect the hair cells of Corti's organ, whereas it is characteristically absent in lesions of the eighth nerve and conductive losses (Hood and Poole, 1965) . The essential feature of recruitment is an abnormal rapid increase in loudness that accompanies an intensity increase. Evans (1978) reports the cochlear nerve is comprised of approximately 30,000 fibers which represent overlapping narrow band linear filters. Each cochlear fiber is tuned to a restricted range of frequencies. Acoustic signals whose energies correspond to this range will evoke a rate of discharge of action potential spikes in individual cochlear nerve fibers. In a given frequency response area, the just discernable rate of discharge is the frequency threshold. The rate of discharge is related to intensity.
The number of cochlear neuronal fibers stimulated depends on the sharpness of tuning of the cochlear fibers (Evans, 1975) . In pathological cochleas, the tuning is broader than normal, resulting in elevated thresholds. The growth in number of active fibers (i.e. fibers stimulated) will be greater than in the normal ear. Lesions of the eighth nerve do not alter the tuning characteristics of the cochlear fibers, so no recruitment is present (Evans, 1975; Evans, 1978) .
Recruitment contributes to perceptive distortion and loss of intelligibility by exaggerating loudness differences among the acoustical elements of speech (Hedgecock, 1955) . Recruitment expands the difference in loudness between low-frequency higher intensity vowels and highfrequency low intensity consonants, and as a consequence speech suffers high frequency attenuation (Villchur, 1974) . By simulating the effect of recruitment loudness in normal listeners, Villchur (1974) demonstrated that recruitment is a sufficient cause for loss of intelligibility.
Clinically, recruitment is detected in loudness balance tests in which the patient compares the loudness of a tone in the impaired ear to the loudness of the same signal presented alternately to the normal ear (Fowler, 1937) . In cases of bilateral hearing impairment, the patient makes an equal loudness judgment between two test frequencies in the same ear. Another method of measuring loudness recruitment utilizes difference limen for intensity. The recruiting ear has been found to detect abnormally small intensity changes at suprathreshold levels (Jerger, Shedd and Harford, 1959) .
While recruitment is seen in the majority of cochlear lesions, it may also be observed in as many as 40 to 48 percent of patients with confirmed eighth nerve lesions (Olsen and Matkin, 1978) . The overlap may occur because some patients with eighth nerve lesions may also sustain pre-existing cochlear damage with accompanying recruitment (Friede and Coles, 1976) .
Abnormally Wide Critical Bandwidths
The normal ear separates a complex sound into narrow bands of frequencies called critical bands. As the width of a band of noise is increased, its total sound pressure remains constant until the critical band is exceeded, at which point the loudness level increases with increasing bandwidth (Scharf, 1978) . The total loudness experienced 6 is the predictable sum of the component loudnesses of all the critical bands (Scharf and Hellman, 1966) . Experimental methods of measuring the width of the critical band have utilized wide-band masking, two-tone masking, loudness summation and lateralization of tone bursts (Scharf and Meiselman, 1977) . The width of the critical band varies with frequency and is wider with increasing frequency.
It has also been suggested the critical bandwidth is wider at higher intensity levels than at low intensity levels . Scharf and Meiselman (1977) reported the width is invariant up to about 80 dB SPL, beyond which it increases.
The cochlear impaired auditory system does not appear to analyze auditory input into critical bands in the same manner as the normal ear.
Loudness does not increase when the critical bandwidth is exceeded (Scharf and Hellman, 1966; Scharf, 1978) , even when the noise spectrum covers 6 or 7 normal critical bands (Martin, 1974) . Scharf (1978) suggests that listeners with cochlear impairment have normal sized critical bands at lower frequencies and progressively abnormally widened critical bands at higher frequencies, corresponding with elevated thresholds. Evans (1978) reports bandwidth does not increase in a linear manner with level of threshold elevation. For elevations up to about 40 dB, the increase in bandwidth is relatively small, whereas for greater elevations the bandwidth increases rapidly up to a factor of 5 for· losses of the magnitude of 80 dB. A substantial loss of speech discrimination ability is not expected until threshold is elevated at least 4o dB above normal (Evans, 1978; Friede and Coles, 1976) .
Critical bands appear to be measures of the effective bandwidth of the filtering ability of the ear at various frequencies. Evans (1975) proposes a two filter hypothesis to explain this phenomenon. The first filter corresponds to the basilar membrane filter, which is broadly tuned. The second filter, more sharply tuned, may involve some sort of interaction between the inner and outer hair cells.
The width of the critical band denotes the bandwidth of frequency integration (De Boer and Bouwmeester, 1974 ). An abnormally widened critical band results in a deterioration in frequency resolving power, which occurs in the normal cochlear partition. Frequency selectivity, the ability of the auditory system to analyze or separate out the individual components of a complex signal, is important for speech perception, pitch perception and frequency discrimination (Hoekstra and Ritsma, 1977) . Subjects with cochlear impairment have been found to exhibit impaired frequency resolving capability (Pick, Evans and Wilson, 1977) . Frequency selectivity ability has been noted to decrease by factors of 5 to 10 (Evans, 1978) and prevents proper formant separation in speech. For formant relationships to be adequately analyzed, the spacing between the formants must exceed the critical bandwidth of the auditory filter (Evans, 1978) . Harris, Haines and Myers (1955) reported that the range through which an ear can summate energy is shorter for recruiting ears than for normal ears. From this, Simon (1963) hypothesized the corresponding bandwidth is increased for frequencies where recruitment is present; the width of the critical band increases as the time through which temporal summation can occur decreases. He found the width of the critical band is, indeed, greater at frequencies exhibiting recruitment than corresponding frequencies in normal hearing listeners.
Bandwidth is also influenced by signal duration. Gengel (1973) demonstrated that for both normal hearing and sensorineural hearing impaired subjects, bandwidth increases as signal duration decreases from 500 msec to 50 msec.
Upward Spread of Masking
Psychoacoustic tuning curves are obtained from values of a tonal masker required to just mask a probe of a constant intensity and frequency of the masker. The results are plotted as minimum masker intensity needed to mask the probe as a function of masker frequency (Wightman, McGee and Kramer, 1977) . Tuning curves bear a resemblance to the frequency response of single auditory fibers and consequently provide information on frequency selectivity (Leshowitz and Lindstrom, 1977) .
Tuning curves represent the spread of masking and studies investigating the spread of masking describe masking effects as the amount of threshold shift produced by a masker. Comparisons of masking in normal and impaired ears have shown that the cochlear impaired ear exhibits greater than normal spread of masking, both above and below the frequency band of masking sound (Jerger, Tillman and Peterson, 1960 ; Leshowitz and Lindstrom, 1977) . It has also been reported that the ear sustaining cochlear pathology produces asymmetrical masking patterns. In low frequency regions where thresholds are within normal limits, masking effects are similar to normal ears, whereas excessive masking occurs in higher frequencies which exhibit threshold elevation (De Boer and Bouwmeester, 1974 ; Leshowitz and·Lindstrom, 1977) . For example, a 68 dB masker at 4,800 Hz was found to be sufficient to mask a 75 dB 5,400 Hz tone (Leshowitz and Lindstrom, 1977) .
The pronounced upward spread of masking has been found to have a detrimental effect on speech discrimination. Pollack (1948) used high pass (above 2,500 Hz) and low pass (below 350 Hz) filters and presented speech at high intensity levels. Scores were higher with high pass filtering conditions than with the low pass condition. Furthermore, speech intelligibility was reduced when low pass frequencies were added to the h~gh pass frequencies. Only at low intensity levels did the low frequencies make a positive contribution to intelligibility.
Using subjects with sensorineural hearing losses, Danaher and Pickett (1975) presented the first and second formants (F1 and F2) of the synthesized vowels /a/ and /i/ in three conditions; first, simultaneously to both ears, next F 2 alone, and finally, they separated the formants by presenting F1 to one ear and F2 to the opposite ear. Speech discrimination ability was poorer with both formants presented together than with F1 eliminated. Separating the form.ants improved the scores over the simultaneous condition, but scores were still poorer than with F2 presented alone. These results suggest that the low frequency formant produces two different types of masking. When the vowel formants are presented to the same ear, an upward spread of masking occurs. The second type appears to involve central masking since it occurs when F 1 and F2 are heard in opposite ears.
A strong correlation between additivity of masking and frequency discrimination in listeners with hearing loss due to cochlear damage has been reported (Gengel, 1973; Scharf, 1978) . In regions of threshold elevation, as much as a 10-fold decrease in frequency discrimination has been observed (Leshowitz, Lindstrom and Zurek, 1976) .
Jll!!erentiating qochle~r fro~ Eighth Nerye Lesions Using
Performance-Intensity Function Speech discrimination loss is generally proportional to the hearing loss in cochlear cases, whereas it is disproportionately great in neural cases (Friede and Coles, 1976; Jerger and Hayes, 1977) . However, speech discrimination scores with word items delivered at comfortable listening levels have not successfully differentiated cochlear from eighth nerve disorders. Friede and Coles (1976) Both filtering conditions were found to reduce speech discrimination ability. The 500 Hz low frequency augmented condition produced a significant rollover in speech discrimination scores with increasing intensity. As in the Maurer, et al. study, statistical analysis of the results revealed large standard deviations. The high frequency condition, on the other hand, produced small standard deviations at all presentation levels which supports its potential as a clinical diagnostic test.
The theoretical rationale for an augmented speech test to differentiate cochlear site of lesion may be derived from the three psychoacoustic para.meters of cochlear pathology described earlier that appear to strongly influence peripheral processing of speech, specifically 1) recruitment, which has been noted to exaggerate loudness differences among high intensity vowels and low intensity consonants, thereby degrading speech intelligibility; 2) widened critical bandwidths, which prevents formant separation in speech due to impaired frequency resolving capability, especially at high intensity levels above 80 dB SPL; and 3) upward spread of masking, which appears to be pron01mced in cases of cochlear pathology and causes low frequency components of speech to interfere with or mask the audibility of high frequency components.
The present study investigates the responses of individuals with cochlear hearing losses. In light of the psychophysical manifestations of cochlear impairment~ it is proposed that the performance of listeners with sensory losses will differ significantly from that of norrp.al hearing subjects reported in the Bowen (1982) study in the low frequency augmentation listening task. Increasing the intensity of low frequency ( 500 Hz) one-third octave band filtered portions of monosyllabic words is expected to have a more pronounced detrimental effect on speech discrimination as a result of upward spread of masking. In contrast, augmenting high frequency (3,150 Hz) one-third octave band filtered portions of words should enhance speech discrimination ability by permitting the perception of high frequency consonants which are important to speech intelligibility. This will result in performance scores comparable to that of normal hearing subjects. The clinical importance of this study is that it will investigate a non-invasive, relatively expedient test which may provide an additional basis for differentiating sites of auditory lesions.
PURPOSE
The purpose of this study is to investigate the speech discrimination ability of individuals with cochlear hearing losses in response to speech stimuli which have been augmented by one-third octave band filters centered at 500 Hz and 3,150 Hz and presented at high intensity levels.
The following results are hypothesized:
l. The scores of word lists presented through a 500 Hz one-third octave band filtered augmentation to subjects with cochlear hearing losses will be lower than the maximum scores obtained (PB max) under normal listening conditions.
2. The scores of word lists presented through a 3,150 Hz one-third octave band filtered augmentation to subjects with sensory losses will be comparable xo the maximum scores obtained under normal listening conditions.
3. The scores of word lists presented to cochlear impaired subjects through a 500 Hz one-third octave band filtered augmentation will be lower than the scores obtained by normal hearing subjects under the same selected as the test ear. If no significant difference existed between the ears, the ear to be tested was randomly chosen. Because of possible earedness effect, the sample was divided approximately equally with respect to ear tested.
The subjects were seated in a double-walled suite and wore earphoneso They were instructed to write down on the answer sheets provided each recorded word exactly as they heard it and were encouraged to guess if they were uncertain of a word.
In order to insure that the experimental data reflected only the test ear responses, contralateral masking was employed during all listening conditions. Wide band masking noise (speech noise) was presented to the nontest ear at a level 20 dBHL below the test ear stimuli.
Each subject was presented four pre-recorded lists of monosyllabic words (Campbell, 1965) , 50 words each, delivered in the following conditions: 1. Most comfortable listening level (MCL), unfiltered.
2. Low pass (500 Hz one-third octave band filtered) augmentation.
3. High pass (3,150 Hz one-third octave band filtered) augmentation.
Whole word augmentation, unfiltered.
Under each one-third octave band pass listening condition (2 and 3 above), the left channel output (unfiltered word) was set at MCL, and the output from the right channel (the augmented filtered portion of the word) was delivered at 5 dBHL below the reported uncomfortable listening level (UCL).
These two intensity disparate signals were fed to the same ear simultaneously by one earphone, producing an augmented filtered word. The unfiltered augmentation (4 above) was delivered at 5 dBHL below UCL.
To avoid any possible effect of presentation order on the test results, the order of experimental test conditions presented was randomly varied. In addition, to prevent the possible intervening effects of temporary threshold shift, subjects were given a rest period of at least two minutes between each test condition.
A brief set of recorded instructions was included before each experimental condition followed by five practice words. Each of the augmented word lists was preceded by a different set of practice items which were augmented according to the experimental condition they preceded.
Instrumentation
The stimulus tape used for the present study was the same tape used in the Bowen (1982) study described earlier. The tape consisted of two 25 monosyllabic word lists (lists N and P; Campbell, 1965) .
The method of recording has been reported by Bowen as follows:
In order to avoid the learning effect created by a serial presentation of the same wo~d list for three experimental conditions, the two 25-word lists were combined and the 50 words were randomly ordered three times by means of a table of random numbers (Freund, 1973) . The three randomly ordered 50-word lists were spoken by a male with a general American dialect through the microphones of a dual channel audiometer (Maico, Model MA 24B). The output from the right channel to the audiometer was fed through a one-third octave filter (Bruel and Kjaer, Model 1616) with a rejection rate of 50dB/octave, where only the selected frequency band was fed to the right channel of a stereo cassette recorder (Hitachi, . The output from the left channel of the audiometer was fed through directly to the left channel of the cassette recorder without filtering. Thus, the stereo cassette tape contained an unfiltered version of each word on the left channel, coincident with the one-third octave spectral information recorded on the right channel. This master tape recording was made utilizing a high bias (70~sec), low noise metal tape (Maxell, MX C-60). For each of the augmented test conditions, the right and left channels were always delivered to the same ear simultaneously, resulting in an augmented presentation.
This two channel recording technique allowed independent manipulation of the intensity relationship between the word and its one-third octave augmentation component. For the unfiltered augmented test condition, the stimulus words were recorded through the audiometer directly onto both channels of the stereo cassette tape recorder, by-passing the one-third octave filter. Right and left channels containing this unfiltered augmented word list were also delivered simultaneously to the same ear. · The three experimental conditions were rerecorded six times by means of a second cassette recorder (Technics, Model RS-263AUS) and a low noise, high bias tape (Maxell, UDXL II C-90). This allowed all possible combinations of presentation order for each experimental condition.1
For the present study, a stereo cassette tape recorder (Dual, The raw performance data (percent correct scores) for the four listening conditions were analyzed statistically and the means and variances were determined for each condition. These scores were compared first within this group of subjects (experimental group), and second, in comparison with the normal hearing subjects (control group) reported by Bowen (1982) . In the experimental group, the comparison of the mean speech discrimination scores for the four listening conditions demonstrated significantly poorer performance during the low pass, 500 Hz augmented listening condition (43.6%) than during the other conditions. The performance scores recorded for the other conditions were 89% for the high pass, 3,150 Hz augmentation, 92.7% for the most comfortable listening level, and 87.1% for the unfiltered augmentation. The standard deviation for the 500 Hz augmentation was also much greater than for the other conditions. The raw data for these four experimental listening conditions were subjected to a t-test of dependent or correlated data (Bruning and Kintz, 1977) . The subjects' performance on the 500 Hz augmented condition differed significantly (p<.005) from each of the other conditions. That is, there was no statistically significant difference between scores for the 3,150 Hz augmented condition and either MCL or the unfiltered augmented condition.
In the second phase of statistical analysis, the raw data for each listening condition in the experimental group was compared with the performance scores ~f the control group according to a t-test for difference between two independent means. In the Bowen (1982) study, which utilized 36 norm.al hearing subjects, the augmented word lists were presented at intensity disparity levels between the filtered portion of the word and the unfiltered whole word which ranged from 5 dBHL to 55 dBHL.
Bowen's results indicated that speech discrimination ability was affected only slightly at the 5 dBHL disparity level, and performance was more significantly degraded at the 45 dBHL and 55 dBHL disparity levels, especially for the 500 Hz augmented condition. These results were taken into consideration in determining the disparity levels between the filtered and unfiltered presentations for the present study. In addition, the thresholds of discomfort were generally lower for the cochlear impaired subjects than for the normal hearing subjects due to recruitment, which is often associated with cochlear lesions. This, in turn, reduced the range between most comfortable listening level (the intensity level of the whole word presentation) and 5 dBHL below the uncomfortable listening level (the intensity level of the filtered portion of the word).
As a result, the intensity disparity levels between the augmented portion of the word and the unfiltered word for the present study ranged from 15 dBHL to 35 dBHL, with an overall mean disparity level of 25 dBHL. The data from the present experimental group was statistically compared with performance scores from 18 of the 36 subjects in Bowen's (1982) control group who presented disparity levels ranging from 15 dBHL to 35 dBHL. Thus, the listening conditions which were common to both groups consisted of the 500 Hz augmentation, the 3,150 Hz augmentation and the unfiltered augmentation. The t-test for difference between independent means revealed there was a statistically significant difference (p<.005) in the performance of the experimental and the control groups for each of the three augmented listening tasks compared. See Table I .
The above analysis did not take into account the actual changes in speech discrimination performance. It was reasoned the statistical analysis demonstrated a difference because the mean score attained at MCL by the experimental group, while still within the range of normal speech discrimination ability (90-100%), was lower than the mean score recorded by the normal hearing group. Therefore, the difference between the score recorded at MCL and the score obtained on each augmented task was calculated for each subject and these difference scores analyzed.
A t-test for difference between independent means revealed that the variances between the two groups' difference scores were not statistically significant on the 3,150 Hz augmentation and the unfiltered augmentation.
However, there was a statistically significant difference (p <.005) on the 500 Hz augmented word lists. See Table II. *Difference between the mean scores of experimental and control groups was statistically significant (p<.005).
CHAPTER V DISCUSSIONS AND CONCLUSIONS
The results from the present study indicate that in a population of subjects sustaining sensory hearing losses, a high frequency augmentation of speech test material does not produce rollover in discrimination scores. On the other hand, ~ow frequency augmentation with the same population degrades speech discrimination ability beyond the .30 index which constitutes significant rollover in conventional rollover tests.
The low frequency augmentation results differed significantly from both the other listening tasks within the same sample and compared to normal hearing subjects. These results were predictable based on the psychoacoustic para.meters described earlier of recruitment, widened critical bands and upward spread of masking. In persons sustaining cochlear lesions, low frequency augmentation greatly degrades speech discrimination ability by amplifying the vowels which, in turn, masks the audibility of high frequency consonants. The performance among subjects on this task also varied as evidenced by a large standard deviation. The potential application of a low frequency augmented word list as a clinical tool to differentiate auditory sites of lesion appears limited because of performance variances both in the normal hearing control group and in the present experimental group.
On the other hand, the high frequency augmentation produced a relatively small standard deviation which suggests more consistent performance among subjects in this sample and a reasonable basis for comparison with normal hearing subjects. The performance of a sensory impaired population on this task appears to be comparable to the.
performance of a normal hearing population when degradation of speech discrimination ability from PB max is considered. Further, within the experimental group, a comparison of the mean scores recorded on the high frequency augmentation and unfiltered augmentation reveals overall better performance and smaller standard deviations on the high frequency augmented list than on the unfiltered augmented list, or conventional rollover test.
While these differences in mean scores were not statistically significant, they do appear to warrant further consideration.
It appears that persons sustaining sensory losses show some rollover when the whole word is augmented, which may explain overlap reported in the past between patients with eighth nerve and cochlear lesions. Since the subjects in this study demonstrated less degradation of speech discrimination scores on the high frequency augmented word list than on the conventional rollover test, the former appears to possess potential as a more sensitive diagnostic speech tool with less overlap than conventional rollover tests to differentiate cochlear from retrocochlear sites of' lesion. In other words, the addition of frequency distortion to the existing intensity distortion enhances the diagnostic value of the test.
Jerger's index of 30% deteriortation in speech discrimination from PBmax -PBmin PB max, derived from the formula rBmax , could be applied to this frequency-specific rollover test. Further study may refine this equation In summary, the 500 Hz one-third octave band augmented word lists presented to subjects with cochlear hearing losses produced marked rollover in speech discrimination ability and a large standard deviation within the group. These findings limit the usefulness of this test to differentiate cochlear from retrocochlear sites of leasion. The performance of the same subjects on a 3,150 Hz one-third octave band augmented speech test was comparable to the findings reported by Bowen (1982) on normal hearing subjects. Since no significant difference was found between cochlear impaired and normal hearing subjects in this condition, a recorded augmented word list of this type could conceivably be included in a clinical test battery to differentiate retrocochlear sites of lesion.
However, further research is warranted before it can be accepted as a viable diagnostic test.
Implications for Furthe~ Resea~ch
The present study was concerned with collecting normative data for a cochlear impaired population utilizing frequency-specific augmented speech tests. This data, combined with the data collected on a normal hearing population, will provide a basis from which the performance of a third population, subjects with confirmed retrocochlear lesions, can be compared. The goal is to develop a clinical tool consisting of frequencyspecific augmented word lists which will be more sensitive than conventional rollover tests for differentiating the sites of auditory
lesions.
An additional focus :ror further research could be the relationship between degree and slope of high frequency sloping hearing losses and speech discrimination ability on frequency augmented word lists. Other ty:pes of cochlear losses, such as flat losses due to ·Meniere's disease, could be investigated using these frequency distorted word lists.
